Myocardial infarction in rats causes partial impairment in insulin response associated with reduced fatty acid oxidation and mitochondrial gene expression.
Myocardial infarction leads to contractile dysfunction. In patients with diabetes, impaired contractility has been associated with the loss of insulin effects and mitochondrial dysfunction. We assessed cardiac insulin sensitivity and mitochondrial and contractile function in rats after ligation of the left coronary artery. At 2 weeks after left coronary artery ligation, we performed echocardiography in vivo and assessed the substrate use and insulin response in the isolated working heart and the regulation of insulin (Akt, glucose transporter type 4) and mitochondrial signaling (p38 mitogen-activated protein kinase, peroxisome proliferator-activated receptor-γ coactivator 1α, mitochondrial transcription factor A) using polymerase chain reaction and Western blotting. The infarcted hearts were dilated and had a reduced ejection fraction (ejection fraction < 50%). The basal glucose oxidation was preserved, but the fatty acid oxidation was significantly reduced. Insulin's effect on substrate oxidation was significantly impaired for both the decrease in fatty acid oxidation and the increase in glucose oxidation. However, insulin-stimulated glucose uptake was normal in the infarcted hearts, consistent with normal insulin-induced phosphorylation of Akt and unchanged mRNA expression of glucose transporter type 4. The impaired oxidative response to insulin was associated with reduced mRNA expression of the genes regulating fatty acid oxidation (long-chain-acyl-coenzyme A dehydrogenase, carnitine palmitoyltransferase 1, peroxisome proliferator-activated receptor-α) and mitochondrial biogenesis (mitochondrial transcription factor A). Although mRNA expression of the mitochondrial master regulator peroxisome proliferator-activated receptor-γ coactivator 1α was normal in the infarcted hearts, the protein expression of its post-transcriptional activator, p38 mitogen-activated protein kinase, was significantly reduced. Myocardial infarction in rats caused partial insulin resistance at the level of substrate oxidation, which was associated with mitochondrial and cardiac contractile dysfunction. Mitochondrial dysfunction was characterized by a reduced capacity to oxidize fatty acids and might have resulted from impaired mitochondrial biogenesis through the lack of p38 mitogen-activated protein kinase.